The random amplified polymorphic DNA (RAPD) technique was used to develop DNA probes for the identification of ectomycorrhizal fungi belonging to the genus Tuber. RAPD fingerprinting revealed a high degree of interspecific variability and a low degree of intraspecific variability. One band (approximately 1.5 kb), consistently appearing when genomic DNA was amplified with an aspecific primer (OPA-18), was found to be a good marker for Tuber magnatum, and was used as a probe in Southern hybridization experiments. The specificity of the results suggests that this probe may be useful in developing specific primers for PCR amplifications.
Introduction
The Tuberales are ascomycetous fungi which form ectomycorrhizal symbioses with the roots of gymnosperm and angiosperm trees [1, 2] . Due to the remarkable commercial value of the fruitbodies of some species, such as Tuber magnatum and T. melanosporum, many programs of largescale mycorrhizal production have been developed in France, Italy and Spain. By analogy with other ectomycorrhizal species [3] , such programs require inoculation of the host, testing of mycorrhizae, planting out of the mycorrhizal seedlings and following the fate of the introduced Tuber within the endogenous microbial community. A critical point is the identification of the fungus during its symbiotic phase, before sporocarp development. Sporocarps are distinguished on the basis of morphological characters, but morphology is not taxonomically useful during the vegetative phase.
DNA probes and DNA fingerprints are important tools for the identification and detection of specific microorganisms in the environment [4] . In addition to restriction fragment length polymorphism (RFLP) analysis, the polymerase chain reaction (PCR) is being used increasingly to study bacterial and fungal populations [4, 5, 6] .
Here a procedure to amplify genomic DNA from Tuber fruitbodies is presented, which makes For each sample, the number of the examined fruitbodies and the origin site are given.
use of a random amplified polymorphic DNA (RAPD) technique [7] , along with the steps for the generation of specific probes from selected, species-specific, conserved DNA bands.
Materials and Methods

Biological material and DNA extraction
Fruitbodies of different Tuber species were collected in some geographical areas of Italy (Table 1). DNA was extracted as described by Lee and Taylor [8] and this treatment led to the breakdown of hyphae, but not of ascospores. DNA samples, obtained from 100-200 mg of material and diluted 1:100, gave an optical density reading at 260 and 280 nm of 0.350 and 0.210, respectively (OD26o/OD28 o value of 1.6).
Amplification reactions
Primers of arbitrary sequences were obtained by Operon Technologies, Inc. (Alameda, CA) (OPA). G + C content was at least 50%. The reaction mix contained 10 mM Tris. HCI (pH 9.0), 50 mM KC1, 0.1% Triton X-100, 2 mM MgC12, 200 #M of each dNTP, 15 ng of primer, 0.15-0.3 units of SuperTaq-polymerase (Stehelin, Basel, Switzerland) and 6 ~1 of 1:1000 diluted DNA extracts as template in a final volume of 15 /xl [9] . The amplification reaction was done in a Perkin Elmer DNA thermal cycler (Z 801-0177) as follows: 2.5 min 94°C; 45 cycles consisting of a 30 s melting step at 94°C, a l-rain annealing step at 36°C and a 2-min extension step at 72°C. A final 5-min extension at 72°C was routinely used. The amplification products were separated electrophoretically in 1.4% Tris borate agarose gels at 150 V and stained with ethidium bromide [10] . The level of similarity detected between banding 247 patterns was quantified by using the following formula [11]: s% AB = 2 x n of shared fragments × i00 n of A fragments + n of B fragments
Southern blot hybridization
The Tuber magnatum RAPD-specific band (1 were performed in 2 × SSC [10] . Detection was performed with the DIG Luminescent Detection Kit (Boehringer Mannheim), following the manifacturer's protocol.
Results
Preliminary experiments were done to determine the best storing conditions for the samples. The banding pattern of the DNA amplification products from parts of the same fruitbody did not show any major differences when the sample was analysed fresh (Fig. 1, lane 1) , stored at 4°C for up to 5 weeks (Fig. 1, lane 4) or at -20°C even for longer times (result not shown). By contrast, at room temperature, alterations in banding pattern were already seen after 1 week (Fig. 1, lane 2). To avoid artefacts in the subsequent investigations, only fresh fruitbodies or those stored at -20°C were used for DNA extraction.
DNA extracts of 25 T. magnatum fruitbodies collected from different places (Table 1) produced highly similar banding patterns after amplification with different primers (Fig. 2) . When six of the above DNA samples (four from Northern Italy and two from Central Italy) were amplified using 12 primers, a total number of 3000 fragments were generated. 2600 of these were shared fragments. Therefore, the level of similarity between their banding patterns was calculated to be 80-90%. On the contrary, DNA extracts from six Tuber species gave very different banding patterns after amplification with the same primers (Fig. 3) . Calculations done on the ampli-
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OPA. 12 OPA. 13 fication products of the previous six species with nine different primers gave similarities of 2.5-17.4% (Fig. 4) . Given the high level of homology in the amplification products of Tuber magnatum, one band of about 1.5 kb (arrow in Fig. 2 ), constantly appearing with primer OPA-18, was selected as marker for this species. After cloning, a restriction analysis of the insert showed that a unique internal SacI site was present. When the 1.5-kb insert was used as a probe in Southern blots on total EcoRI digested genomic DNA from a number of fruitbodies of different Tuber species, a single band of about 4 kb was revealed in the 249 DNA of T. magnatum. No hybridization bands were revealed in the DNA of T. albidum, T. aestivum, T. rufum and T. macrosporum, while a single band of lower intensity and different size (approximately 2.6 kb) was detected in the DNA of T. melanosporum. When the same probe was used to detect band specificity in EcoRI and SacI double digestion of total genomic DNA from T. magnatum, two smaller bands (2.5 and 1.5 kb) appeared (Fig. 5) , indicating that the internal SacI site was still present on the T. magnatum genome. A slightly smaller band (approximately 2 kb) appeared in the lane where the DNA of T. melanosporum was run (result not shown). DNA samples were digested with EcoRI (lanes 1, 3-7) or EcoRI-Sacl (lane 2) and probed with the specific 1.5-kb OPA-18 cloned fragment. Lane 8: DNA from T. magnatum fruitbody amplified with primer OPA-18 (5'-AGGTGAC-CGT-3').
Similarity of banding pattern between different
Discussion
RAPD is a useful diagnostic tool to distinguish isolates of individual species or different species [7] , since it produces genetic and molecular markers, which are currently used in fungal systematics [12] . However, the use of random oligonucleotides requires precisely determined optimal conditions for reproducible results. In our experiments, reproducible bands represented 90% of the total amplified bands. A specific DNA template cannot be detected in RAPD experiments if it represents only a small proportion of the total DNA template present in the amplification mixture [13] . This low sensitivity prevents the amplification of contaminating DNA from bacteria which usually colonize truffle fruitbodies [14] . The 90% of similarity in the banding pattern of amplification products from the T. magnatum sporocarps suggests that bacterial DNA was not relevant on the amplification reactions.
T. magnatum seems to occur in Italy in only two areas, in the North-west (Piemonte) and in the center (Marche) [15] . Genetic variability between the two populations could be expected, but even though the number of samples examined is limited, it appears that the level of polymorphism is low. However, inter-specific variability is high, confirming at a molecular level the morphological differences on which truffle systematic is based. This situation is different from that in the arbuscular mycorrhizal Glomales where significant differences have been observed among isolates of the same fungal species [9] .
In conclusion, the RAPD technique offers a reliable way to differentiate between Tuber species and is more rapid than the other methods based on amplification of RNA genes [6] . In addition, major bands which are polymorphic among species, but constant among samples of the same species are appropriate candidates for designing specific primers. The 1.5-kb band used in Southern blot experiments hybridized to a region of the fruitbody DNA of T. magnatum whose size differed greatly from that of the band revealed in the T. melanosporum DNA. The cloned 1.5-kb insert can therefore be considered specific enough to discriminate between different species of Tuber. It should be possible to obtain enough nucleotide sequence information to create a couple of specific primers able to amplify a given region of the fungal DNA. This would allow the fate of the fungus to be followed during its ectomycorrhizal phase in the field.
